Abstract
Introduction
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Increasing evidence suggests that approximately half of all patients with heart failure have a normal left ventricular ejection fraction (LVEF) 1 , and the mortality rate for this group is similar to those with heart failure and reduced LVEF 2 . Left ventricular diastolic dysfunction (LVDD) plays an important role in heart failure with normal 60 ejection fraction (EF) 3 . However, there is no specific therapeutic strategy for LVDD partly because of the lack of understanding of its pathophysiological mechanism(s).
LVDD is most prevalent among elderly obese women with hypertension, 65 diabetes, coronary artery disease, and/or atrial fibrillation 4, 5 . Obesity is one of the important features of LVDD and fat tissue is known to secrete many adipokines that have local and systemic effects on the cardiovascular system 6 . Ectopic fat depots in muscle, liver, and pancreas are described as lipotoxic and pericardial fat (PF) is recognized as an ectopic visceral fat depot in close proximity to the myocardium and 70 coronary arteries. PF volume is increased in obese patients and correlates with the presence 7, 8 and incidence 9 of coronary atherosclerosis independent of other risk factors, indicating that PF may have paracrine or mechanical effects on the coronary circulation and myocardium. PF volume has also been reported to correlate with left atrial diameter, which is an indirect structural parameter of LVDD [10] [11] [12] . However, 75 there is currently no report of a functional parameter of LVDD by tissue Doppler echocardiography that correlates with PF volume. The purpose of this study was to assess the association between PF volume and LVDD, as determined by tissue Doppler echocardiography.
Methods
Study Sample
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We analyzed consecutive inpatients in a stable condition who underwent 64-slice computed tomography (CT) coronary angiography and echocardiography between 2006 and 2009 on suspicion of coronary artery disease. None of the patients had history of previous thoracic surgery, percutaneous coronary intervention, or 90 symptomatic heart failure. We screened 304patients, each with LVEF more than 50%, and excluded those with previous pacemaker implantation (n=19), chronic atrial fibrillation (n=12), end-stage renal disease (n=14), significant valvular disease (n=9), poor image quality (n=17), and incomplete data (n=6). Thus, we measured PF volumes from CT images and examined echocardiographic parameters in 229 95 consecutive patients. The study was approved by the ethics review committee of our institution and a signed informed consent was obtained from each patient before participation. This study was registered at UMIN protocol registration system with the identification number UMIN000003361.
Cardiac CT Scan Protocol
105
The 64-detector CT (Brilliance-64, Phillips Medical Systems, Cleveland, OH) was used with the following parameters: detector collimation 64 x 0.625 mm, . Reconstructions sets at 75% of the cardiac 110 cycle or at a particular optimal phase were prepared from the raw data files. The contrast material (Omnipaque-350; Daiichi-Sankyo Pharmaceutical, Tokyo, Japan) was administered using a mechanical power injector through a 20-gauge cannula inserted into the antecubital vein. To minimize differences in arterial enhancement across patients, we used a body-weight-tailored contrast material dose (0.7 mL/kg) 115 and a fixed injection duration (9 sec) 13 . An oral β-blocker (metoprolol, 20 mg) was administrated1 hour prior to CT imaging, and nitroglycerin (0.3 mg) was administrated immediately prior to CT imaging. The reconstructed CT image data were transferred to a workstation for post-processing (ZIO M900, Amin/ZIO, Tokyo).
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Cardiac CT Image Analysis PF volume was measured three-dimensionally in all patients using contrast-enhanced 125 images, as reported previously 7 . A predefined image display setting was used (window width = 150 Hounsfield units (HU), window center = −120 HU) to identify pixels that correspond to fat tissue 14 . The readers, who were blinded to the clinical results, trimmed along the pericardial sac using axial, coronal, and sagittal slices and volume-rendered images. PF was defined to be any adipose tissue located within the 130 pericardial sac (Figure 1) . A slice 1 cm above the most cranial slice including the left anterior descending coronary artery was defined to be the superior border of the PF.
Three major coronary arteries were analyzed visually and quantitatively by contrast-enhanced coronary CT angiography. Coronary artery disease was defined to be ≥75% stenosis (according to the American Heart Association classification) on tissue Doppler early diastolic mitral annular velocity (E/e') was also measured. LVDD was defined as the tissue Doppler oriented criterion using E/e' >10 [16] [17] [18] .
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Assessment of Risk Factors and Covariates
Obesity was defined as a body mass index of ≥25 kg/m 2 . Abdominal obesity was defined as a waist circumference of ≥85 cm for Japanese males and ≥90 cm for <0.05 denoted statistical significance, and all tests were two-tailed. Variables were log-transformed if they had a skewed distribution. All analyses were performed using SPSS 17.0J for Windows (SPSS Inc., Tokyo).
Results
Study sample characteristics
200 Table 1 
Factors associated with LVDD
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Univariate logistic regression analysis found significant relationships between the presence of LVDD and age, hypertension, diabetes, estimated glomerular filtration rate, left ventricular mass index, and PF volume ( Pericardial fat has been observed inside and outside the pericardial sac, which was also reported to be associated with aortic calcification 14 . The pericardial fat outside the sac potentially has some effects on left ventricular function. We measured 290 PF volume by trimming along the pericardial sac using axial, coronal, and saggital slices and volume-rendered images by 64-slice CT. In the present study, we could not precisely distinguish PF distribution inside or outside the sac. Further studies might be required to determine the effects of the pericardial fat outside the sac on LVDD.
Cardiac CT and echocardiography
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We originally quantified PF volume three-dimensionally using multislice CT. This technique yielded highly reproducible measurements (CV = 7.1% and 8.9% for interand intra-observer variability, respectively) 7, 29 . In addition, 64-slice CT is commonly used in cardiovascular clinical practice in Japan. 305 Noninvasive diagnostic evidence for LVDD is preferably derived from myocardial tissue Doppler. E/e' is reported to correlate closely with LV filling pressure, and this correlation has been confirmed in patients with pseudo-normal 310 mitral valve flow velocity filling patterns 22 . We defined LVDD simply as E/e' >10 according to the previously described cut-off value 16, 17 partially because of lack of data concerning about duration of reverse pulmonary vein atrial systole flow, duration of mitral valve atrial wave flow, and left atrium volume index used in recent guideline 22 .
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Limitations
The clinical study design was cross-sectional, and the results do not imply causality.
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Because the subjects were not randomly selected but rather inpatients suspected to have coronary artery disease, they were more likely to have coronary artery disease than the general population, their risk factors were considered to have been modified by medications, and some selection bias may influence the result or the present study (B-type natriuretic peptide level and left ventricle mass index are less than expected).
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The lack of data regarding the extent of coronary artery disease severity is also a limitation because it may largely affect LVDD. E/e' is a marker of increased left ventricular filling pressure, but may occur due to reasons other than primary myocardial disease, affecting the findings. The value of E/e' depends on the technician's experience. Because it depends also on fluid status and medications, the 
